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The way in which the inhibitory effects of plasma and of cholesterol sols de- 
pends on the pH of the hemolytic systems to which they are added is interesting 
for two reasons.  (1)  The inhibitory effect of cholesterol sols and part of the 
inhibitoryeffect  of plasma seem to be due to the inhibitor competing  with the red 
cells for the lysin in the system.  It has sometimes been assumed, although with- 
out direct evidence, that the reaction between the lysin and the inhibitor in- 
volved in this competition is similar to that which takes place between the lysin 
and a component of the red cell surface; e.g., the fact that cholesterol is able to 
compete for lysin in  a  system containing digitonin suggests  that  a  reaction 
between digitonin and the cholesterol of the red cell surface is involved in the 
hemolytic process.  There have been several investigations on the effect of pH 
on the lytic process, but none on its effects on the inhibitory processes.  (2) 
Changing the pH of the hemolytic system provides a means of comparing, and 
also, as it turns out,  of contrasting,  the inhibitory effects of cholesterol sols, 
which are almost exclusively the result of reactions which take place in the bulk 
phase of the system, with those of plasma, which are the remit of reactions taking 
place not only in the bulk phase, but also in the neighborhood of the cell surfaces. 
Methods 
A series of stock buffers were prepared by adding 250 ml. of 0.067 ~r KH~PO4 and 
0.067 K Na~HPO4, mixed in various proportions to give pH's of 5.6, 6.4, 6.8, 7.2, and 
8.6, to 750 ml. of 1.2 per cent NaC1.  By further mixing these stock buffers with each 
other in various proportions, an isotonic solution of any pH within the range can be 
obtained, and the pH's were verified with the glass electrode. 
Red Cell Suspens/ons.--These were of "standard" concentration; i.e., the red cells 
of 1 ml. of human blood, received into citrate, washed three times with saline (1 per 
cent NaCI), and finally suspended in 20 ml. of saline. 
Inhibitovs.--Human  plasma, diluted 1 in 100, 1 in 200, etc., with saline was used 
throughout.  The cholesterol  sols were made by the method described by Lee and 
Tsai (1942), and were diluted with saline (1 in 10---1 in 100) just before use. 
Standard Systems.--At any one pH, the standard system was formed by 0.8 ml. of 
various dilutions of lysin dissolved in buffer at that pH, 0.8 ml. of saline, and 0.4 ml. 
of cell suspension.  The times for complete lysis were measured at 37°C.  In the case 
of sodium taurocholate, the procedure was altered somewhat because the dissolving of 
the lysin in the buffer solutions produced changes in the pH of some of them; 0.1 N 
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Inhibition  (R-Values)  of i  in 20,000 Saponin  and 1 in 67,000 Digitonin  by Plasma and by 
Cholesterol Sol: 37°C.,  Time of Contact, 24 Hours 
System 
Saponin ................ 
Saponin plus plasma ..... 
Saponin plus cholesterol sol 
Digitonin  ............... 
Digitonin plus plasma.... 
Digitonin plus cholesterol 
sol .................... 
Dilution of 
inhibitor 
5.6 
1.0 
1/200  2.3 
1/40  1.9 
1.0 
1/8oo  a .2 
1/320  1.8 
pH 
6.4  6.8  7.2 
1.3  0.8  3.1 
2.6  1.7  2.2 
2.0  1.5  2.1 
0.9  1.0  1.0 
1.4  1.5  1.6 
1.6  1.8  1.8 
8.6 
4.0 
2.5 
2.4 
1.1 
1.2 
1.9 
TABLE II 
Inhibition  (R-Values)  of 1 in 2,000 Sodium  Taurocholate by Plasma and by Cholesterol Sol: 
37°C., Time of Contact, 24 Hours 
Syste~ 
Taurocholate ............. 
Taurocholate plus plasma... 
Taurocholate plus cholesterol 
'SO1 ..................... 
Dilution  of 
inhibitor 
1/s0o 
1/10 
pH 
5.3  5.6  6.0  6.5  7.0  7.3  8.5 
--  [  1.0]  1.1  [  --  [  1.912.613.5 
1.2  --  1.2  --  [  1.2  --  1.3 
--  1.1  1.2  1.3  I  --  1.5  1.7 
3.2 
3.0i 
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FIG. 1.  R-values plotted against values of pH for systems containing saponin (A), 
digitonin (B), and sodium taurocholate (C).  Dotted lines, lysin acting alone; crosses, 
with plasma present as an inhibitor; circles, with cholesterol sol present as an inhibitor. 
For explanation, see text. 
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NaOH was accordingly added to bring the pH to convenient values, measured electro- 
metrically. 
Systems Containing Inhibitors.--At any one pH, these consisted of 0.8 ml. of various 
dilutions of lysin in buffer at that pH, and 0.8 ml. of diluted plasma or diluted cho- 
lesterol sol, as the case might be.  The tubes containing the mixtures were allowed to 
stand  at 37°C.  for 24 hours ("time of contact") in order for any reactions between 
lysin and inhibitor to reach equilibrium, and 0.4 ml. of cell suspension  was added at 
the end of the time.  By comparing the times for complete lysis with those for the 
corresponding standard system, the inhibition produced by the plasma or the cho- 
lesterol sol can be obtained either as R-value or as a a  -value (Ponder, 1943).  For 
convenience  in comparison, Tables I and II and Fig.  1 show the results in terms of 
R-values, although there is evidence that most of the inhibitory effects of cholesterol 
sols and some of the inhibitory effects of plasma are due to reactions which take place 
between the inhibitors and the lysin in the bulk phase of the system (a-reactions); 
the equation 
A  ---- cI  --  el~R, 
however, enables a to be calculated from the R-values.  It is important to notice that 
both R and A are functions not only of the quantity of inhibitor used, but also of the 
concentration of lysin cl initially present in the system (see Ponder,  1943), and so 
comparisons of the inhibitory effects should  always be made for the same lysin con- 
centration. 
RESULTS 
These are shown in Tables I  and II, which are self-explanatory, and are also 
represented graphically in Fig.  1.  They can be discussed from several points 
of view. 
1.  The interpretation of the results obtained for systems containing inhibitors 
such as plasma and cholesterol sols, which react, in part at least, with the lysin 
in the bulk phase of the system, depends on the extent to which we are able to 
analyze the simultaneous reactions between cells and lysin on the one hand and 
between inhibitor and lysin on the other.  A  little progress has already been 
made in this direction.  When cells are added to lysin in concentration el, a 
quantity of lysin equal to ~'cl becomes concentrated at the cell surfaces, leaving 
free a  quantity c2, equal to c1(1 --  ~').  Somewhat limited observations have 
shown that ~" is a constant, the value of which depends on the nature of the lysin, 
and probably also on the type of red cell.  As hemolysis proceeds, the quantity 
of free lysin c2 decreases in sych a way that the amount left free at a time corre- 
sponding to complete lysis is a constant fraction of cl, the decrease also appar- 
ently being substantially linear with time (Ponder, 1934,  1945). 
If an inhibitor such as plasma or cholesterol sol is present in the system, a 
reaction also occurs between it and the free lysin, so that a quantity of lysin A is 
rendered  inert.  In  spite  of much  investigation  (Ponder,  1924,  1925,  1943, 
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A and cl or c2 has been found, but as a first approximation let us assume that A is 
equal to at2.  The values of A obtained experimentally are found to depend on 
the concentration of tke red cells added to the hemolytic  system, 1 and this leads to 
the further conclusion that the reaction between lysin and inhibitor isparriaUy 
reversible.  In any system containing lysin,  cells,  and  inhibitor,  we  accord- 
ingly have a distribution of the lysin into three quantities: the amount of lysin 
concentrated in the region of the cell surfaces and entering into reactions there, 
the amount left free, and the amount inhibited as a result of a reaction with the 
inhibitor.  When red ceils are added to a system containing lysin and inhibitor, 
the relations of these three quantities will be, approximately, 
Concentrated at surfaces ....................................  ~ cl/1  +  ~  +  a 
Free ......................................................  el/1  +  ~" +  a 
Inhibited ..................................................  a  cx/1  +  ~  +  a 
Consider the effect of a change in the pH of a lysin-cell system which results in 
a change in hemolytic activity corresponding to a change in ~'; i.e., to a change 
in the "affinity" of the red cell surface for the lysin.  If an inhibitor is present 
at the same time, a competition of the cell surfaces and the inhibitor for the ly- 
sin will occur, and in the simplest cases the amount of inhibition observed will 
tend to be small at the pH's at which the lyric activity is great, and vice versa. 
Suppose, for example, that the value of ~" in a cell-lysin system containing lysin 
in initial concentration Cl is 0.3 at pH 5.6 but 0.1 at pH 8.6; the activity of the 
lysin will then be greater at the former pH than at the latter, and the value of R 
for the system at pH 8.6 will be approximately 3 times that for the system at pH 
5.6.  If we add an inhibitor which has the same affinity for the lysin at the two 
pH's, e.g., a  =  0.25, the change in ~" which occurs as the pH changes from 5.6 to 
8.6 will result in an increase in 4, the amount of lysin apparently inhibited, from 
0.161 cx to 0.186 cx, or 1.15 times, although the reaction by means of which this 
inhibition is produced has no pH dependence of its own.  In this way there will 
arise a tendency for an increase in lyric activity with change in pH to be asso- 
ciated with decreased inhibition by an added inhibitor, whereas decreases in 
lytic activity will be associated with increases in inhibition.  This is noticeable 
in the cases of the three curves of Fig. 1A (lysin activity,  *  plasma inhibition, and 
cholesterol sol inhibition), two out of the three of Fig. 1B (lysin activity and cho- 
lesterol sol inhibition), and two out of the three of Fig. 1C (lysin activity and 
cholesterol sol inhibition).  In the absence of any means of analyzing the situ- 
1  This point has been discussed by Ponder and Gordon (1934), for systems in which 
the inhibitor is plasma.  Very similar results,  indicating some degree of reversibility 
of the lysin-inhibitor reaction, can be obained when the inhibitor is cholesterol  sol, 
and when the concentration of red cells in the system is varied. 
2  The way in which the lyric activity of saponin varies with pH is substantially that 
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ation more completely, we may suspect that in these cases the variations in the 
inhibition  observed at different pH's are only reflections  of variations  in the 
activity of the lysins with pH? 
2.  The  changes  in  the  inhibitory  power  of plasma  for digitonin  hemolysis 
(Fig. 1B, crosses), however, cannot be explained in this way.  The activity  of 
s A  test of the validity of  this way of  approaching the  problem  is provided by 
systems in which the inhibitor is a suspension of  red cell  ghosts (stromata).  These 
are as similar to the red eelIs themselves as any material is likely to be.  The sus- 
pension of ghosts is prepared by hemolyzing red cells with water, saturating with CO2, 
and  washing the  ghosts several  times  with  0.1  per cent NaC1 saturated  with  CO2 
(Ponder, 1940).  The ghosts are finally suspended in 1 per cent NaC1 in a concentra- 
tion such that I ml. of the suspension is equivalent to 1 ml. of standard red cell sus- 
pension in its ability to react with lysin (saponin).  The method of determining this 
equivalence is described by Ponder (1934).  Systems containing 0.8 ml. of 1 in 10,000 
saponin at various pH's and 0.8 ml. of the ghost suspension diluted 1 in 10 are allowed 
to stand at 37°C. for 24 hours, at the end of which time 0.4 ml. of red cell suspension is 
added and the times for complete hemolysis determined.  These times are converted 
to R-values by reference to time-dilution curves at 37°C. for cell-lysin systems at the 
various pH's.  The variation in activity of the saponin at the different pH's is ex- 
pressed (as in Tables I and II) by referring to the ceU-lysin system at pH 5.6, for which 
R is put as 1.0. 
TABLE III 
Nt 
System 
__ 
Saponin ..........................  1.0  [  1.2  1.3  3.0 
Saponin plus ghosts ................  8.0  I  6.0  [  4.1  I  2.7 
8.6 
3.6 
2.3 
The results obtained with saponin are shown in Table IlL  It will be noticed that 
the pH dependence for 1 in 10,000 saponin is not quite the same as that for 1 in 20,000 
saponin  (Table  I); this  difference  was  also  remarked  upon  by Bodansky  (1929). 
In a general sort of way, the inhibition produced by the ghosts is greatest at the pH's 
at which the lyric activity is greatest, and vice versa; moreover, the ratio of the lyric 
activities at pH's 5.6 and 8.6 is 3.6, and the ratio of the inhibitory effects of the ghosts 
at the same two pH's is 1/3.5.  Too much emphasis should not be placed on this, for 
the R-values in the two rows of Table III  are not linear with each other, but the result 
of the experiment shows that the pH dependence of the inhibition produced by the 
ghosts is of the same general form as that of the hemolytic effect; i.e., that the ghosts 
compete for the lysin in the system in the same sort of way as the red cell surfaces do. 
This observation gives one a confidence in the method of analyzing the results which 
one might otherwise not have had.  In addition, the experiment shows that the pH 
dependence of the inhibition produced by ghosts is quite different from that of the 
inhibition produced by either plasma or cholesterol, neither of which compete with the 
red cell surface for lysin in the same way as the ghosts do. 354  INHIBITION OF  HEMOLYSIS.  II 
the lysin in a cell-lysin system is almost constant between pH 5.6  and pH 8.6, 
whereas  the  inhibition  produced  by plasma rises  to a  distinct  maximum at 
pH 7.2. 
The presence of this maximum throws considerable light on the hypothesis 
that the inhibitory power of plasma is largely due to its contained cholesterol 
(Ransom, 1901, Tsai and Lee, 1941, Yi and Meng, 1941, and their collaborators). 
The way in whioh the inhibition produced by plasma, as compared with that 
produced by cholesterol sol, varies with pH makes this conclusion difficult to 
accept without a  great deal of qualification.  The  R-value for the  inhibition 
by plasma diluted 1 in 800 is 1.2 at pH 5.6, while that produced by cholesterol 
sol diluted 1 in 320 is 1.8; calculating on the basis of R being linear with Q, an 
R-value of 1.8 at pH 5.6 would be obtained with plasma diluted 1 in 200. 4  By 
the same type of calculation, a  1 in 200 plasma would give an R-value of 3.4 at 
pH 7.2, while at this pH the inhibition produced by the cholesterol sol amounts 
to only R  =  1.8.  A hypothesis which says that the inhibitory power of plasma 
is almost entirely due to its contained cholesterol accordingly cannot be correct 
for all pH's, if indeed it is correct for any.  The simplest explanation of the 
observations is that inhibitors other than cholesterol are present in plasma (Lee 
and  Tsai,  1942,  Ponder,  1944)  and  that  their  effects reach  a  maximum at 
pH 7.23 
The results obtained when the lysin is sodium taurocholate lead to the same 
sort of conclusion,  although in this case it is the inhibitory power of plasma 
which is almost constant over the pH range.  A  quantity of plasma, equal in 
inhibitory power to a specified quantity of cholesterol sol at pH 8.6, would be 
much more inhibitory than the cholesterol sol at pH 5.6.  This is what would 
happen if plasma were to contain inhibitors other than cholesterol, with their 
maximum inhibitory power in the neighborhood of pH 5.6. 
* It may be asked why this calculation,  with its assumption, is necessary, and why 
experimental results are not presented instead.  The reason is that if we were actually 
to use a plasma dilution of 1 in 200 (R  =  1.8, to be compared with R  =  1.8 for the 
cholesterol  sol diluted  1 in 320) at pH 5.6,  it would be impossible  to measure the 
R-value for the inhibition (greater) at pH 7.2, for instance.  This difficulty, which has 
its origin in the non-linear form of the time-dilution curve, will be familiar to those who 
have worked with hemolytic systems. 
In these experiments, the cholesterol  is in a micellar state (mean diameter of the 
miceUes, about 0.1/~), and the physical state in which it is present in plasma may be 
very different.  The inhibitory power of the sol nevertheless seems to be about the 
same as that of the cholesterol in plasma, for the sol diluted 1 in 10 has about the same 
inhibitory effect on saponin as has plasma diluted 1 in 100.  One ml. of diluted sol 
contains 50~ of cholesterol,  and 1 ml. of diluted plasma contains about 20-¢ of choles- 
terol; about 40 per cent of the inhibitory power of plasma can therefore be attributed 
to the contained cholesterol,  which is the same figure as that arrived at from other 
premises (Tsai and Lee, 1941, Ponder, 1944). XrlC  Pommr  355 
3.  The results do not provide any indication that the action of any one of the 
three lysins on the red cell membrane is exclusively or even largely a reaction 
with a cholesterol component (as when digitonin forms a digitonide with cho- 
lesterol).  The general inverse relation of the lyric activity and the cholesterol 
sol inhibition  at different pH's is consistent with the cholesterol sol inhibition 
having scarcely any pH dependence of its own, the variations being simply the 
result of competition (see section 1 above); the activity of the lysin in its reac- 
tion with the material of the red cell membrane, on the other hand, may have 
a very pronounced pH dependence. 
SLrltl'M  ~._.Ry 
The effects of variations of pH, from 5.6 to 8.6, on the lyric activity of saponin, 
digitonin,  and sodium taurocholate, and the effects on the inhibition produced 
by plasma and by cholesterol sols, are described.  The results, so far as  they 
can be analyzed, show that the pH dependence of the inhibition produced by 
plasma is different from that of the inhibition produced by cholesterol sols, and 
this leads to the conclusion that a considerable part of the inhibition produced 
by plasma is due to inhibitory substances other than cholesterol.  The results 
also provide a  certain amount of indirect evidence that hemolysis is not due 
primarily  to a  reaction of the lysins with the cholesterol of the red cell mem- 
brane. 
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